of the Federal Reserve recently found a relationship between mortgage foreclosure in a sample of adults and deficiencies in basic mathematical calculations that most children are expected to master by middle school, such as computing half of 300 or 10% of 1,000. In addition to detrimental effects on financial literacy, researchers have also associated untreated learning problems in mathematics with unemployment, poor health, and other social problems in adulthood (Barwick & Siegel, 1996; Beitchman, Wilson, Douglas, Young, & Adlaf, 2001 ; Statistics Canada & Organization for Economic Cooperation and Development, OECD, 2005; Waldie & Spreen, 1993) . Such findings underscore the need to address children's difficulties with mathematics before they develop into lifelong problems.
Mathematics difficulty (MD) remains an elusive construct. The breadth of mathematics domains alone makes defining the MD construct difficult: Researchers are still unclear whether
Briefly addressing the use of the term mathematics difficulty is important before reviewing the relevant research. Across MD studies, researchers clearly target students who are struggling with mathematics. However, researchers differ in the selection and interpretation of cut scores. That is, the field lacks consensus on the specific cut score to use to differentiate struggling learners from typical learners. For example, Powell et al. (2009) use the 25th percentile, Seethaler and Fuchs (2010) use the 15th percentile, and Jordan et al. (2003) use the 35th percentile. Moreover, some researchers have attempted to discern between mathematics difficulty and mathematics disability on the basis of strict or lenient cut scores. For instance, Chong and Siegel (2008) , Geary, Hoard, Nugent, and Byrd-Craven (2008) , and Murphy, Mazzocco, Hanich, and Early (2007) used the 10th percentile and between the 11th and 25th percentile to indicate disability and difficulty, respectively. The selection and interpretation of cut scores is necessarily arbitrary and therefore results in imperfect classifications, especially for cases that fall around the cut score (e.g., . Furthermore, it is very difficult to determine in practice whether learning problems reflect difficulties or disabilities, especially on the sole basis of cut scores. Thus, the broader learning disabilities field tends to refer to struggling learners as a group that includes both those with learning disabilities and learning difficulties, with the understanding that the state of knowledge does not yet allow us to discern between the two on the basis of cut scores alone (but see Mazzocco, 2009 , for an alternative conceptualization). Because we did not design the present study to determine the difference between difficulty versus disability, we used the term mathematics difficulty and elected to use the 25th percentile as our cut score; the 25th percentile is the upper limit used in recent research to identify struggling mathematics learners (e.g., Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Murphy et al., 2007; Powell et al., 2009; Vukovic & Siegel, 2010) .
At present, researchers operationalize MD in two primary ways: (a) persistence of poor mathematics achievement (e.g., Geary et al., 2007; Mazzocco & Myers, 2003; Murphy et al., 2007; Vukovic & Siegel, 2010) , and (b) MD subtypes (e.g., Fuchs & Fuchs, 2002; Geary et al., 1999; Jordan et al., 2003; Powell et al., 2009 ). However, the findings of these different approaches to studying MD have not affected one another, an outcome that has contributed to disparate findings in the field. The major findings in each approach to identifying MD follow.
PER S I S T E N T MD
Persistence of poor mathematics achievement is important to consider in MD identification because the MD status of children is highly variable across the elementary grades (e.g., Francis et al., 2005; Geary, Hamson, & Hoard, 2000; Mazzocco & Myers, 2003; Vukovic & Siegel, 2010) . Furthermore, Vukovic and Siegel found that children with transient MD performed more similarly to typically developing children than to children with persistent MD, an outcome that emphasizes the need to consider persistent MD separately from transient MD.
Researchers identify persistent MD when children meet criteria for MD in at least 2 years, whereas transient MD occurs in only 1 year. Implicit in defining persistent MD is the need for longitudinal data. Although cross-sectional studies have primarily influenced the research base on MD, longitudinal studies identifying persistent MD are beginning to emerge. To date, the findings indicate that children with persistent MD have academic deficits in operations, number facts, mathematical problem solving, and reading (Vukovic & Siegel, 2010) . In terms of cognitive skills, researchers have implicated working memory (Geary et al., 2000 (Geary et al., , 2007 Murphy et al., 2007) , short-term memory (Geary et al., 2000 (Geary et al., , 2007 , cognitive processing speed (Geary et al., 2007; Murphy et al., 2007) , early numerical skills (Murphy et al., 2007; Vukovic & Siegel, 2010) , and phonological processing (Murphy et al., 2007; Vukovic & Siegel, 2010) . Particularly strong evidence indicates that early numerical skills and phonological processing are important; the latter of these likely reflects the large number of children with MD who also have RD. However, these studies have not systematically considered MD subtypes, so it is not clear whether the identified cognitive correlates relate to MD specifically, or relate to RD as hypothesized by Fletcher (2005) and others (e.g., Ansari, 2010) .
MD SUBT Y P E S
Some researchers have suggested that the primary difference between MD subtypes is that the mathematics disorder in MD+RD is languagebased, given the presence of RD (e.g., Jordan et al., 2003; Rourke, 1993) . Thus, for understanding the cognitive underpinnings of MD-with or without RD-researchers have tended to focus on the cognitive skills studied in relation to RD, namely, working memory, short-term memory, cognitive processing speed, and phonological processing.
However, such research has not clarified whether the mathematics disorder in MD subtypes represents the same disorder or a different one. For instance, researchers have implicated working memory (e.g., Siegel & Ryan, 1989) , phonological processing (e.g., Hecht, Torgesen, Wagner, & Rashotte, 2001) , and short-term memory (e.g., Bull & Johnston, 1997; Geary et al., 2000; Passolunghi & Siegel, 2001 ) in both MD subtypes. Researchers have reliably-and even causally-linked these cognitive skills to RD (e.g., Stanovich & Siegel, 1994; Swanson & Siegel, 2001; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993) . Thus, whether the mathematics disorder in MD+RD and the mathematics disorder in MD-only share the same etiology remains unknown. In fact, Ansari (2010) noted the need for more longitudinal studies to examine the extent to which the same cognitive skills underlie atypical development globally versus the extent to which they underlie specific disorders. Because MD subtype research tends to be cross-sectional, revisiting how cognitive skills characterize persistent MD subtypes seems prudent.
T H E P R E S E N T S T U D Y
This longitudinal study built on previous research by using both persistence of poor mathematics performance and subtypes to investigate MD. We examined children's developmental trajectories from kindergarten to third grade on a variety of cognitive skills that have been useful in elucidating the nature of RD and have been implicated in MD. The focus of this study was not on the relationship between cognitive skills and MD, per se.
Rather, consistent with the paradigm advocated by Ansari (2010) , the unique contribution of this study was in providing a developmental perspective on the nature of MD independent of RD by examining differences in the developmental trajectories of various cognitive skills from kindergarten through third grade. These skills include working memory, short-term memory, cognitive processing speed, phonological processes, and early numerical skills. Table 1 provides a description of how these cognitive skills hypothetically relate to MD.
We used the Wide Range Achievement Test, third edition (WRAT-3; Wilkinson, 1993) , to define MD because it assesses formal calculation skills as well as informal mathematics ability in the early school years; recent research suggests that assessing informal and formal mathematics ability results in an MD classification that is more reliable than relying solely on formal mathematics abilities (Fuchs et al., 2005; Mazzocco & Myers, 2003) . As previously indicated, we selected the 25th percentile as the cut score to identify MD on the basis of previous research (e.g., Geary et al., 2007; Murphy et al., 2007; Vukovic & Siegel, 2010) . The longitudinal design of this study also permitted the use of latent growth modeling, which has rarely been used in MD research, particularly for developmental periods longer than 2 years (e.g., Jordan et al., 2003) .
The longitudinal design of this study also permitted the use of latent growth modeling, which has rarely been used in MD research, particularly for developmental periods longer than 2 years.
The overarching goal of determining the unique aspects of MD that are separate from RD guided this study. Toward that end, the study focused on two specific research questions:
1. What are the distinguishing features of persistent MD-only and persistent MD+RD from kindergarten to third grade?
2. How do cognitive skills explain growth in mathematics independent of reading in children from kindergarten to third grade?
M E T H O D

PARTICIPANTS
The researchers selected the participants from a larger group of 401 children who participated in a longitudinal study of mathematics development; that research project received institutional review board approval. The overall sample included two cohorts of children. Vukovic & Siegel (2010) previously reported on Cohort 1; researchers assessed children in that cohort annually from kindergarten to fourth grade. No previous research has reported on Cohort 2; researchers assessed children in that cohort in kindergarten, second grade, and third grade. The primary difference between the cohorts was that they received a different assessment battery in kindergarten. As shown in Table 1 , partial overlap occurred in the kindergarten battery, and Cohort 2 did not complete assessments in the first grade. Therefore, we used latent growth modeling, which is robust to missing data (Singer & Willett, 2003) . Analyses of individual variables by cohort indicated no substantial cohort effects, and thus the basis for all analyses was the combined sample (details available from the author). The present sample included 203 children (93 girls, 110 boys), who participated in at least three waves from kindergarten to third grade. The children attended five elementary schools in western Canada; these schools were located primarily in neighborhoods characterized by high mobility rates of from 43% to 67%. The children were 62.1% majority culture (n = 126), 9.9% First Nations (Canadian indigenous people; n = 20), 11.3% Middle Eastern (n = 23), 4.9% Asian (n = 12), and 10.8% other (n = 22). Table 2 presents the demographic characteristics of the sample by MD group (described subsequently). A significant difference occurred in the proportion of girls in the MD-only group, 2 (2, N = 203) = 6.73, p = .04; however, no gender differences existed in the outcome measures, so we did not include gender as a covariate in any of the subsequent analyses. The researchers did not subject the distribution of family background by MD group to chi-square analyses because seven cells (46.7%) had frequencies of less than 5; and in two instances, they had a frequency of 0.
CL A S S I F I C AT I O N SCH E M E
We determined persistent MD first, followed by MD subtype classification. We classified children as having persistent MD if they performed below the 25th percentile on WRAT-3 Math at least twice from kindergarten to third grade with the following caveat: Children could not receive an MD classification if their performance was low on WRAT-3 Math only in kindergarten and first grade. Correspondingly, the researcher identified 38 children with persistent MD (25 of these children had MD in at least 3 years). Consistent with previous research, the researcher classified the remaining 165 children as typically developing (Mazzocco & Myers, 2003; Vukovic & Siegel, 2010) ; of these 165 children, 45 children (27.3%) demonstrated below-average performance in 1 year from kindergarten to third grade, which is lower than the 53% found by Mazzocco and Myers.
To determine the reading status of the 38 children with persistent MD, we classified them according to their performance on the LetterWord Identification (LWID) test of the Woodcock-Johnson, third edition (WJ-III; Woodcock, McGrew, & Mather, 1999) . We classified them as MD-only if they showed no evidence of poor reading (i.e., below the 25th percentile) from first to third grade; we categorized 19 children as MDonly and categorized the remaining 19 children as MD+RD because they had demonstrated poor reading at some point from first to third grade (16 were poor readers in at least 2 years from first to third grade). Even though most children with MD+RD demonstrated persistent RD (84%), we did not specifically use persistence to define RD. This omission was intentional, given the purpose of the study; that is, we believed that ensuring that the MD-only subtype represented a group of children who were never poor readers was more important than ensuring that the MD+RD group demonstrated persistent deficits in both domains.
M A T E R I A L S
In each year of the study, the researchers assessed the children with a comprehensive battery of cognitive and achievement measures. The researchers used raw scores instead of standardized scores in analyses specifically because standardized scores correct for age and therefore do not capture growth over time, which is necessary in growth curve modeling. Table 3 provides detailed descriptive characteristics of the MD groups on the measures across time.
MATHE M AT I C S ACHIEV E M E N T
The researchers evaluated overall mathematics achievement with the nationally normed WRAT-3 Math subtest, which assesses children's informal Note. MD = mathematics difficulty; RD = reading difficulty.
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Descriptive Characteristics of MD Groups Across Time (e.g., counting, number-magnitude comparison) and formal arithmetic skills. The publisher reports reliability between .80 and .86; others have reported reliability coefficients between .92 and .93 for samples with demographics similar to those in the current study (e.g., Fuchs et al., 2005; Swanson & Beebe-Frankenberger, 2004) .
READ I N G ACHIEVEM E N T
The researchers used the LWID test of the WJ-III: Research Edition (Woodcock et al., 1999) ; with this task, children identify and pronounce isolated letters and words of increasing difficulty. The publisher reports reliability between .94 and .96; others have reported reliability coefficients between .94 and .95 for comparable measures used with samples similar to those in the current study (e.g., Fuchs et al., 2005; Swanson & BeebeFrankenberger, 2004) .
COGNIT I V E SKILLS
Working Memory. We administered Backward Digit Span (Wechsler, 1991) ; this task has children listen to a series of digits, then repeat the numbers in reverse order. Children receive two trials at each span length. The publisher reports reliability between .79 and .84; Swanson and Beebe-Frankenberger (2004) report a Cronbach's alpha of .84 for a similar sample.
Short-Term Memory. We used Forward Digit Span (Wechsler, 1991) ; children listen to a series of digits and then repeat the numbers in the same order. Children receive two trials at each span length. The publisher reports reliability between .79 and .84; Swanson and Beebe-Frankenberger (2004) report a Cronbach's alpha of .84 for a similar sample.
Cognitive Processing Speed. Similar to other MD studies (e.g., Geary et al., 2007) , we assessed cognitive processing speed with a rapid-digitnaming task (Denckla & Rudel, 1974) in which children identify individual numbers (1-9) presented in random order on a 5ϫ5 array. The primary measure is the time taken in seconds to identify all the numbers.
Early Numerical Skills. We used the WJ-III Quantitative Concepts test (Woodcock, McGrew, & Mather, 2001) . Two subtests comprise this test: math concepts and number series. In math concepts, children count, identify numbers and concepts such as first and last, and identify mathematics terms and formulas (e.g., the researcher asks children what an addition symbol means). In the number series subtest, children determine the next number in a series (e.g., 15, 30, 45, __). The publisher reports reliability between .86 and .93.
Phonological Processing. We assessed phonological processing only in kindergarten by using a phoneme deletion task in which children delete the initial phoneme from the target word (Muter, Hulme, & Snowling, 1997) . The publisher reports reliability at .94, consistent with the alpha of .94 found by Swanson and Beebe-Frankenberger (2004) for a similar measure.
P R O C E D U R E
Annual assessments of the children occurred in the spring in kindergarten and in winter in subsequent grades. In kindergarten, children received individual assessments (approximately 20 min) in a quiet room for all tasks. In subsequent grades, children received individual assessments (approximately 25 to 30 min) for all tasks except for WRAT-3 Math, which was group-administered (approximately 15 min) in the children's classrooms. Research assistants conducted the assessments in the schools.
D A T A A N A L Y S E S
The researchers used latent growth modeling to describe children's individual growth trajectories in mathematics and cognitive skills to investigate whether these trajectories differed between students with MD and typically developing students or among MD subtypes, as well as to investigate relationships between cognitive skills and rates of growth in mathematics. Latent growth modeling has many advantages over other methods for analyzing longitudinal data (Singer & Willett, 2003) .
• These methods allow for estimating children's true initial status (i.e., intercept) and true rate of growth (i.e., slope), partialing out the measurement error that is specific to any given testing occasion, thereby yielding more reliable estimates of children's levels and growth in each skill and estimates of crossskill correlations that are less influenced by measurement error.
• These methods allow for including predictors of growth parameters to investigate whether initial status in one domain predicts growth in a second domain. In the current study, we investigated how the cognitive skills in kindergarten predicted growth in mathematics independent of reading.
• When combined with full information maximum likelihood estimation, these methods are robust to missing data for children at a given testing occasion. In the current study, this property was particularly useful because the two cohorts completed the measures on slightly different schedules. Although each cohort completed each measure used in the growth models on three occasions, each cohort completed somewhat different measures in kindergarten and first grade.
R E S U L T S
PRE L I M I N A RY ANALYSES
Before fitting conditional latent growth models to address the research questions, the researchers conducted preliminary analyses to determine the functional forms for growth trajectories in each cognitive skill between kindergarten and third grade. For each measure, the researchers examined empirical growth plots and fitted unconditional linear and quadratic growth models. Results indicated that growth trajectories in each skill were curvilinear, with rapid early growth and slowing rates of growth over time, as indicated by significant negative quadratic (curvature) terms (all ps < .01). Each skill demonstrated significant betweenchildren variation in the elevation of their trajectories (all ps < .001). Only one skill (cognitive processing speed) demonstrated significant between-children variation in initial (kindergarten) rates of growth (all ps < .05), whereas the others (WRAT-3 Math, working memory, shortterm memory, math concepts, number series) did not (ps > .05). For the latter skills, the researchers removed the variance component for linear growth from subsequent models, thereby specifying that the linear rate of growth would be the same across children, conditional on the fixed effects in a given model. None of the skills demonstrated significant between-children variation in curvature (ps > .05), so we excluded the variance component for quadratic growth from the subsequent models for each skill.
RESEA R C H QUESTI O N 1: WHAT ARE T H E DIST I N G U I S H I N G FEAT U R E S O F MD SUBT Y P E S ?
To determine the distinguishing features among the MD subtypes, we examined whether children with MD-only and/or children with MD+RD demonstrated growth trajectories in the cognitive skills that differed significantly in their elevation or growth from those of typically developing children. For each cognitive skill (working memory, short-term memory, cognitive processing speed, math concepts, number series), we fitted a separate latent growth model to evaluate the effects of dummy variables representing MD-only and MD+RD classification on children's intercept and initial rate of growth, with typically developing children specified as the reference category. Table  4 displays the results of these analyses, with full models referring to models that include both significant and nonsignificant effects and reduced models referring to models in which the nonsignificant effects have been removed. For cognitive processing speed, the only model presented is a final model because all effects were significant for this outcome.
As Table 4 indicates, the MD+RD group demonstrated the poorest performance on all measures across time. When compared with typically developing children, children with MD+RD demonstrated growth trajectories that were significantly lower in elevation in working memory (p = .0046), short-term memory (p < .0001), math concepts (p < .0001), and number series (p < .0001) and were significantly higher in elevation in cognitive processing speed (p = .0050), indicating worse performance (note that the metric for rapid digit naming is reversed from the other scales; p < .01). By contrast, children with MDonly demonstrated growth trajectories that differed significantly in elevation from those of typically developing children for working mem- ory, math concepts, number series, and cognitive processing speed, but not for short-term memory.
The magnitude of effects of MD+RD were greater (i.e., associated with lower trajectories) than the effects of MD-only across all the measures.
When we compared each of the MD-only and MD+RD groups with typically developing students, the initial status of the MD-only and MD+RD groups was significantly lower than the initial status of typically developing students for four of the five measures: working memory, shortterm memory, math concepts, and number series (all ps > .05). The MD-only and MD+RD groups did not differ significantly from typically developing students in linear rate of growth. Taken together, these results indicate that children with MD-only and MD+RD demonstrated growth trajectories in these skills that were parallel to those of typically developing children between kindergarten and third grade, although overall performance was lower in the two MD groups. The one exception to this parallelism of trajectories was cognitive processing speed, on which the MD-only and MD+RD groups demonstrated greater improvement (i.e., decrease in response time) than typically developing children. This outcome suggests that children with MD-only and MD+RD demonstrate trajectories in cognitive processing speed that over time converge toward those of typically developing children.
To facilitate interpreting the magnitude of these effects, we estimated the predicted differences among the MD-only, MD+RD, and typical groups at kindergarten and in third grade on the basis of the final latent growth models and converted them into standardized effect sizes (i.e., standard deviation units, based on the sample standard deviation for each skill at each testing occasion). Effect sizes are valuable for understanding the extent, as opposed to simply the existence, of a difference, particularly in studies such as this one that focus on special populations and typically include relatively small sample sizes. These effect sizes have the additional benefit of allowing comparison of the severity of deficits demonstrated by the MD-only group with those demonstrated by the MD+RD group, even though statistical tests comparing these two relatively small subsamples would not have the statistical power to detect small to moderate differences between them.
As shown in the second and third columns of Table 5 , the differences between the typical and MD-only groups in kindergarten were all moderate to large in magnitude (between approximately 0.5 and 1 SD), with the exception of the difference for short-term memory; whereas the differences between the typical and MD+RD groups were all large in magnitude (between approximately 0.75 and 1.25 SD). Comparing the MD-only and MD+RD groups indicated substantial differences for short-term memory and
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Spring 2012 Figure 1 displays fitted growth trajectories for the three cognitive skills that emerged as important indicators of MD across the developmental period from kindergarten to third grade, namely, working memory, math concepts, and number series.
T A B L E 5
Fitted Differences Between Groups at End of Kindergarten and Third Grade, Expressed in Effect Sizes
RESEA R C H QUEST I O N 2: HOW DO COG N I T I V E SKILLS EXP L A I N GR OW T H I N MAT H E M AT I C S INDEPEN D E N T O F REA D I N G ?
To further investigate the question of what differentiates children with MD-only from those with MD+RD, the researchers fitted latent growth models to investigate whether each of six component skills (working memory, short-term memory, cognitive processing speed, math concepts, number series, phonological processing) in kindergarten made unique contributions to the elevation and/or slope of children's growth trajectories in mathematics, when controlling for the contributions of the other componential skills and reading. As shown in the column designated "Model 1" in Table 6 , when the six component skills were included together, math concepts, number series, and phonological processing each made significant unique positive contributions to children's initial status in mathematics; but working memory, short-term memory, and cognitive processing speed did not. Additionally, number series and phonological processing made significant, unique negative contributions to children's linear rate of growth in mathematics, whereas the other measures did not make significant contributions to growth in mathematics. We interpret these negative relationships on rate of growth to mean that children with lower kindergarten scores on number series and phonological processing had lower initial levels but more rapid rates of growth in mathematics compared with children with higher kindergarten scores for these two measures. As shown in the column marked "Model 2" in Table 6 , these effects remained essentially the same when controlling for kindergarten reading. The results were robust to a variety of model specifications, including a model controlling for third-grade reading, rather than kindergarten reading, to account for the possibility that kindergarten reading (primarily letter identification) represented a different construct from reading in the later grades.
D I S C U S S I O N
What is MD independent of RD? As previously mentioned, that overarching question guided the present study. The major focus in learning disabilities research has been on identifying the cognitive skills that distinguish persons with learning disabilities from persons with other developmental disorders and typically developing students (Fletcher, 2005; Fletcher, Denton, & Francis, 2005) . In the area of RD, such research resulted in the identification of a core cognitive deficit, which has had tremendous implications for research and practice. In fact, the field currently focuses on the early identification of children at risk for RD and effective interventions to prevent and remediate such difficulties. MD research, however, has yet to make the same breakthrough. Using a contemporary conceptualization of MD, this longitudinal study used a developmental perspective to examine how the cognitive skills typically examined in learning disabilities research characterized MD independent of RD. Two main findings emerged: (a) deficits in early numerical skills are a defining feature of MD with or without RD; and (b) both early numerical skills and phonological processing appear to influence growth in mathematics.
DEF I N I N G FEAT U R E S O F MD WITH O R WITH O U T RD
From kindergarten to third grade, persistent deficits in working memory, short-term memory, and early numerical skills characterized children with MD+RD. By contrast, persistent deficits in working memory and early numerical skills characterized children with MD-only, although the skills of children with MD-only were not as impaired as those of children in the MD+RD group. Both MD groups began school with delayed cognitive processing speed, but no differences existed between the MD groups and typically developing children by third grade; this finding suggests that struggling mathematics learners are slower than typically developing children to develop digit-naming automaticity but catch up to typical children by third grade. Overall, these findings suggest that working memory and early numerical skills are involved in persistent MD from kindergarten to third grade.
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F I G U R E 1
Fitted Growth Trajectories in Working Memory, Math Concepts, and Number Series for Children With MD+RD (Light Gray Line), MD-Only (Gray Line), and Typically Developing Children (Dark Gray
However, working-memory deficits also relate to RD and learning disabilities in general (see Swanson & Siegel, 2001) . Thus, it is not clear whether the working-memory deficits identified in both MD groups provide evidence that the mathematics disorder in both MD subtypes is similar or whether the evidence suggests that working-memory deficits are associated with academic failure in general, not specifically with mathematics. In subsequent analyses, working memory predicted neither kindergarten mathematics ability nor growth in mathematics. Taken together, these findings do not support working memory as a unique indicator of MD. Instead, these findings suggest that working memory may be important for learning generally but that working-memory deficits are not specifically involved in the etiology of MD. This finding is consistent with the research of Bull, Espy, and Wiebe (2008) , who found that verbal working memory was a general indicator of the capacity to learn, as opposed to being a specific predictor of mathematics achievement in children from 4 to 7 years old. The present study extends these findings to children from 5 to 9 years old. Although this finding contradicts some research (e.g., Geary et al., 2000 Geary et al., , 2007 Murphy et al., 2007; Siegel & Ryan, 1989) , the longitudinal design and analysis of the present study warrant consideration that working-memory deficits are not core deficits of MD when defined according to contemporary perspectives.
This outcome means that only early numerical skills differentiated MD from RD, which is consistent with the notion that low numerical skills, or number sense, is a defining feature of MD (e.g., Gersten & Chard, 1999; Landerl, Bevan, & Butterworth, 2004; Landerl, Fussenegger, Moll, & Willburger, 2009 ). In particular, the cross-sectional research of colleagues (2004, 2009 ) with 8 to 10 year olds suggests that MD is the same disorder regardless of RD and that it results from deficits in numerical processing, as opposed to deficits in other cognitive skills. The present study extends this finding to include children with persistent MD who are from 5 to 9 years old.
WHAT INFLUENCE S GR OW T H I N MATHE M AT I C S ?
When researchers examined the influence of the cognitive skills independent of reading, phonological-processing and number-series skills were the only variables that uniquely explained growth in mathematics. That is, children with low number-series or phonological-processing skills in kindergarten made significantly more rapid growth in mathematics than children with higher entry skills in kindergarten. Thus, low number-series and phonological-processing skills in kindergarten do not necessarily signal inherent cognitive deficits. Instead, the finding that many children who were low on these skills in kindergarten achieved rapid growth in mathematics suggests that these "deficits" are not immutable. This outcome mirrors findings in RD research that many children with low phonological skills in kindergarten respond to systematic, targeted phonological instruction (Snow, Burns, & Griffin, 1998) . The present findings therefore suggest that early numerical skills are important for success in mathematics and should be the focus of early mathematics instruction. Numerical reasoning in particular seems important for mathematics over and above knowledge-based mathematical skills. More research is necessary to obtain an understanding of the different aspects of early numerical skills that are most associated with MD, including the developmental progression of children's early numerical skills and the corresponding instruction required to foster children's growth in this area (Baroody, Bajwa, & Eiland, 2009; Baroody, Lai, & Mix, 2005; Gersten & Chard, 1999) . The author finds it interesting that phonological processing also explained growth in mathematics. Others have suggested that language-based skills can influence performance on mathematical tasks that place demands on language systems (e.g., Fletcher, 2005; Landerl et al., 2004; Robinson, Menchetti, & Torgesen, 2002) . Indeed, many formal definitions of learning disabilitiessuch as the Individuals with Disabilities Education Act (IDEA)-implicate language as the underlying problem in failure to develop academic skills, including mathematics.
Few studies, however, have investigated how language-based skill other than phonological processing influences mathematics. The limited research in this area suggests that phonological processing does influence mathematics (e.g., Hecht et al., 2001; Jordan, Kaplan, & Hanich, 2002; Simmons & Singleton, 2008) , which is consistent with our findings. Whereas previous research has studied children from second through fifth grade, our study extends the findings down to kindergarten. Although early phonological processing skills appear to be important for success in mathematics, this relationship is not well understood. A particularly important unanswered question is how early reading interventions affect children's mathematical development. Furthermore, given that mathematics instruction depends primarily on oral explanations and interactions and that the delivery of mathematics curriculum often occurs through written text (Bielenberg & Wong Fillmore, 2004 Schleppegrell, 2007) , more research is necessary to examine how other aspects of language, particularly listening comprehension and expressive or receptive language, influence mathematics.
G E N E R A L D I S C U S S I O N A N D F U T U R E D I R E C T I O N S
The present study sought to determine unique aspects of MD by contrasting children with persistent MD+RD with those with persistent MD-only from kindergarten to third grade. Consistent with other studies of MD, we examined the cognitive skills that researchers have implicated in learning disabilities research (e.g., Fuchs et al., 2006; Geary et al., 2007; Murphy et al., 2007) . Although such research has been fruitful in the area of RD, the findings across studies in MD are notoriously inconsistent and the field has yet to make the same breakthroughs. For this reason, it is worth considering the current find-ings-in conjunction with the findings in the field-from an alternative perspective, namely, mathematics education.
Despite important contributions to understanding children's mathematical development, mathematics education research findings have rarely guided MD research, in large part because of fundamental differences in conceptions of MD across disciplines. Although difficult to find explicitly stated in the literature, mathematics education researchers allude to a major limitation in MD research: For most mathematics education researchers, there is insufficient empirical evidence that students have MD in the face of highquality mathematics instruction, particularly in the elementary grades. The strong version is that with proper instruction, no such thing as MD would exist. Furthermore, for those children identified as struggling mathematics learners, MD researchers have not demonstrated that these children's difficulties with mathematics reflect deficits in mathematical understanding as opposed to underlying reading-related deficits, especially given the high co-occurrence of MD and RD (Dirks et al., 2008; Fletcher, 2005; Rubinsten, 2009 ). Put another way, MD research does not clearly indicate whether struggling mathematics learners experience difficulty with mathematics because of underlying mathematical deficits (which researchers hypothesize are caused by the lack of high-quality instruction) or whether their difficulties with mathematics actually reflect low levels of reading-related skills, including language.
Persistent and significant cognitive deficits indicative of learning disabilities in general characterized the MD+RD subtype. By contrast, domain-general cognitive deficits that one might expect in learning disabilities did not characterize the MD-only subtype. Instead, deficits in early numerical skills, which mathematics educators assume to be malleable, uniquely characterized MD-specific or otherwise; in fact, the current results indicate that children with the lowest numerical skills benefited most from being at school, suggesting that early numerical skills are indeed important for success in mathematics, especially for children with the lowest skills. Furthermore, phonological processing explained growth in mathematics, which also supports the notion that mathematics problems may, in part, stem from deficits in reading-related processes. From this perspective, the evidence to support MD as a learning disorder independent of RD is not entirely convincing.
What does this mean for MD research? The foremost issue is the need for future studies to examine the mathematical thinking that characterizes children with MD+RD and MD-only. Just as reading comprehension failure can signal deficits in decoding, fluency, or comprehension monitoring, children can struggle with mathematics for many underlying reasons. Yet in the search for the cognitive underpinnings of mathematics failure, the MD field has neglected the rich knowledge gained from mathematics education research about children's mathematical development (Gersten & Chard, 1999; Ginsburg, 1997) . More diagnostic research is necessary to uncover the gaps in mathematical thinking that characterize children with MD, to ascertain whether these gaps reflect deficits in underlying language or numerical processes, and to learn how to best address these gaps. Without such research, addressing the fundamental issue of whether MD is a learning difficulty separate from RD is difficult.
Two points of convergence between these differing perspectives are also important for future research to pursue. The first is that high-quality instruction can alleviate most mathematics problems. High-quality instruction is necessary to provide support to struggling mathematics learners regardless of disability classification (Baroody et al., 2005 (Baroody et al., , 2009 Fuson, 2009; Gersten et al., 2009 ). Many struggling learners do not have inherent learning disabilities; but without proper instruction, these learners will exhibit academic difficulties characteristic of learning disabilities. The role of high-quality instruction, then, is to assist struggling learners in developing age-appropriate mathematics skills to prevent mathematics failure.
The obvious question is what such instruction should look like. Recognition is growing that traditional mathematics instruction that emphasizes skill and fact learning at the expense of developing children's conceptual understanding does not lead to mathematical proficiency (e.g., National Council of Teachers of Mathematics, 2000; Simon, 2006) . However, struggling mathe-matics learners require explicit and systematic instruction (see Gersten et al., 2009 ), which is often fundamentally different from the instruction advocated by mathematics educators (see Baroody et al., 2009; Fuson, 2009) . More cross-disciplinary research is necessary to understand the type of instruction that all students should receive, as well as the type of instruction that specifically benefits children with MD.
The role of high-quality instruction, then, is to assist struggling learners in developing age-appropriate mathematics skills to prevent mathematics failure.
An emphasis on developing children's number sense is the second point of convergence across disciplines (e.g., Baroody et al., 2009; Geary, Bailey, & Hoard, 2009; Jordan, Kaplan, Locuniak, & Ramineni, 2007; Mazzocco, Feigenson, & Halberda, 2011) , even though the components of number sense and methods of best measuring this construct remain unclear. In a review, Berch (2005) summarized two ways to conceptualize number sense. The first is as a rudimentary system that is approximate, nonverbal, and imprecise; researchers consider it to be a biologically based number system that continues to develop until adolescence and is influenced by both maturation and experience . The second is as a higher order system involved in complex mathematical thinking, including conceptual understanding of mathematical principles and relationships, as well as fluidity and flexibility with operations and procedures; researchers believe that children acquire this system through experience and education. More cross-disciplinary research is needed to understand the components and developmental progression of number sense to guide reliable assessments and interventions for children with MD, specific or otherwise. Some such studies are under way (e.g., Geary et al., 2009; Halberda, Mazzocco, & Feigenson, 2008; Jordan et al., 2007) , but more collaboration with mathematics educators is necessary.
L I M I T A T I O N S
As with any study, the findings create several questions, and we must interpret them in light of the study limitations. One limitation to our conclusions is the relatively small sample sizes for the MD-only and MD+RD groups, as is common in previous studies of MD. A result of these small subsample sizes is that our comparisons between groups had sufficient statistical power to detect large differences but had limited statistical power to detect small differences. Because the differences between students with MD-with or without RD-and typically developing students tended to be large (e.g., often near one standard deviation), this concern is less important in comparisons between the two MD groups and the typically developing students. However, it is more important for comparisons between the MD-only group and the MD+RD group. Thus, for these comparisons, we focused on the magnitudes of effect sizes rather than statistical significance (see results section). In addition to facilitating the examination of promising differences of notable magnitude that may have reached statistical significance with larger subsamples, this emphasis on effect sizes over p-values has the additional benefit of focusing attention on the extent rather than simply the existence of the difference (Ziliak & McCloskey, 2008) .
We acknowledge that this study did not include all possible cognitive skills, and another limitation is the way in which we operationalized the included cognitive skills. Although the current study is one of few in MD research that includes such a comprehensive set of variables (see Fuchs et al., 2005 Fuchs et al., , 2006 Swanson & BeebeFrankenberger, 2004 ), we did not measure all possible constructs, most notably general language ability and measures of number sense currently used in the field (e.g., Geary et al., 2009; Jordan et al., 2007) -measures that were not available when we conducted this longitudinal study. The inclusion of such variables in future research is necessary to develop a nuanced understanding of what MD is independent of RD.
Finally, the operationalization of MD might represent a study limitation. We defined MD when children performed below the 25th per-centile at least twice from kindergarten to third grade. We did not, however, examine differences in the persistent MD groups between those who performed below strict cut scores as opposed to lenient cut scores, as some research has done (e.g., Geary et al., 2007 Geary et al., , 2008 Murphy et al., 2007) . These studies suggest that some qualitative differences might exist between children with persistent MD based on lenient cut scores versus children with persistent MD based on strict cut scores. However, these studies did not control for reading ability, which is problematic, because many of the cognitive skills have a relationship with reading and because it was one of the motivations for the current study. Furthermore, given the small sample sizes of the MD groups in this study, it was neither possible nor advisable to further divide the MD groups. These topics warrant future research.
C O N C L U S I O N
Despite worthy efforts, the cognitive underpinnings of MD continue to elude researchers. Although MD has received increased research attention in recent years, the emphasis in MD research on cognitive skills has not resulted in a clearer understanding of the unique attributes of MD independent of RD: Consider as examples the inconsistent literature on the relationship between MD and phonological processing (e.g., Fuchs et al., 2005 Fuchs et al., , 2006 Murphy et al., 2007) and working memory (Fuchs et al., 2005 (Fuchs et al., , 2006 Raghubar, Barnes, & Hecht, 2010) . Perhaps it is time to reframe the emphasis in MD research. Gersten and Chard (1999) noted the need for MD research to use findings from mathematics education, and Fletcher et al. (2005) urged learning disabilities researchers to move away from an emphasis on cognitive skills. The present study echoes these sentiments that different perspectives are needed in MD research. The role of instruction, language-based skills, and number sense appear to be the most promising avenues to continue to explore, particularly in the context of cross-disciplinary research that includes input from mathematics educators.
